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Objective:lo report the initial experience of noninvasive prenatal 
diagnosis of fetal Down syndrome (The NIFTY test) in a clinical 
setting. Methods: The NIFTY test was offered as a screening test for 
fetal Down syndrome to pregnant women with a singleton preg- 
nancy at 1 2 weeks of gestation or beyond. A satisfaction question- 
naire was sent to the first 400 patients. Results: During a 6-month 
period, 567 NIFTY tests were performed. Over 90% of those 
studied were ethnic Chinese, and the mean age of the women 
studied was 36 years. The test was performed at 1 2-1 3 weeks of 
gestation in 49.21%. The median reporting time was 9 days. The 
test was positive for trisomy 21 in eight cases, and for trisomy 
18 in 1 case; all were confirmed by fetal karyotyping. There was 
no false-positive result. Of the questionnaires, 182 completed 
responses were received. Over 95% had complete or almost 
complete resolution of anxiety. Except for one, all were satisfied 
with the NIFTY test, and all indicated that they would recommend 
the test to their friends. Conclusion: The NIFTY test was a highly 
specific test. Unnecessary invasive tests and associated fetal losses 
could be avoided in almost all women who have a normal fetus. 
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Introduction 

Prenatal screening and diagnosis of fetal Down syndrome have 
become an integral part of obstetric care in many societies. To 
avoid unnecessary fetal losses associated with invasive prenatal 
diagnostic procedures, various screening strategies have been 
developed. Among the most popular one-stage strategies, the 
first- trimester combined screening provided the best performance 
with a detection rate of 90% at a 5% false-positive rate [1,2]. 
Unfortunately, the positive predictive value is still relatively low 
at about 5%; that is, only about one in 20 to 30 screened positive 
pregnancies will be confirmed to be truly affected by fetal Down 
syndrome. The remaining false-positive results induce not only 
significant maternal anxiety [3] but also "unnecessary" fetal losses 
due to subsequent invasive diagnostic procedures. Therefore, there 
was a continuous drive to develop a prenatal diagnostic test without 
risk of abortion or a screening test with better performance. 

Major breakthrough came from the discovery of fetal DNA 
in maternal plasma during pregnancy [4]. Using latest molec- 
ular technology of massively parallel sequencing and power 



bioinformatics analysis, it is now possible to detect fetal aneu- 
ploidies using maternal blood samples with a detection rate for 
fetal Down syndrome of over 99% at a false-positive rate of less 
than 1% [5-7]. This high performance has been repeated and 
reproduced by different research groups in different parts of the 
world, covering also aneuploidies other than trisomy 21, and in 
particular, trisomy 18 [8,9]. Although this new test cannot be 
considered a diagnostic test yet, its performance as a screening 
test is far better than any of the currently available strategies. 

Recently, screening for fetal aneuploidy using this new 
approach has been introduced into routine clinical practice. The 
aim of this study is to review the initial experience of clinical 
application of this test, in particular the acceptance, satisfaction, 
and logistics. 

Materials and methods 

From August 2011, this noninvasive prenatal aneuploidy test, 
called the NIFTY (noninvasive fetal trisomy) test, was offered to 
pregnant women as a form of Down syndrome screening test in 
a private prenatal diagnosis center in Hong Kong. The test was 
offered to any pregnant women, irrespective of whether they had 
undergone any other type of Down syndrome screening tests 
before. Both the information pamphlet and consent form carried 
an explanation for the benefit of participants that 

1. This test was meant to be a screening test for fetal Down 
syndrome, with a detection rate of > 99% and a false-positive 
rate of <1%; 

2. The risk of trisomy 18 would be assessed and reported as well; 

3. The test can be performed anytime after 12 weeks of gestation; 

4. The test was limited to singleton pregnancy; 

5. The report would be available within 2 calendar weeks in 90% 
of cases; and 

6. Repeat blood sampling was required in about 3% of cases. 

For each patient, a 30-min appointment was given. During the 
consultation, a detailed counseling was provided. An ultrasound 
scan was performed to confirm the number of fetuses, fetal viability, 
fetal size, and major fetal abnormalities. A written informed consent 
was obtained from all patients. Five ml of maternal peripheral 
blood was collected into an EDTA bottle. The blood sample was 
stored at 4°C immediately before further processing. Serum was 
prepared within 4 h after collection (subsequently extended to 8 h) 
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by a two-step centrifugation protocol. The whole blood sample was 
first centrifuged at 1600 g for 10 min at 4°C. The supernatant was 
transferred to sterile 2.0 ml Eppendorf (EP) tubes placed on ice, 
which was centrifuged again at 16,000 g for 10 min at 4°C. The final 
supernatant was transferred to new EP tubes, which was tempo- 
rarily stored in dry ice or store at -20°C before further processing. 

All subsequent molecular tests and procedures, including cell- 
free DNA isolation, library construction, and sequencing, were 
performed in the clinical laboratory of BGI-Shenzhen, which 
is ISO/IEC 17025 certified [7]. Each plasma sample was frozen 
and thawed only once. The report included risk assessment for 
trisomy 2 1 and trisomy 18. Specifically, fetal sex was not reported, 
even on request. Patients were informed of the test report by 
phone once available. 

The clinical details of all subjects who had NIFTY test between 
August 201 1 and January 2012 were reviewed and summarized. 

Anonymous postal survey on satisfaction was sent to the initial 
400 patients, whose results were available at least 4 weeks before 
the time of survey. A reminder was sent 2 weeks after the initial 
invitation. Invitations were not sent to those patients with a posi- 
tive NIFTY result. 

Results 

During the 6-month period, a total of 567 NIFTY tests were 
performed. Table I shows the basic patient characteristics. Over 
90% of the pregnant women were ethnic Chinese. The maternal 
age was significantly higher than the normal obstetric population 
in Hong Kong, with a mean of 36.0 (range: 20-46). Over 67.2% 
were aged 35 or beyond; 277 cases were primipara. Six had a 
previous pregnancy affected by trisomy 21, and 10 had a positive 
family history. 

About half of the NIFTY tests were performed at 12 and 13 
weeks of gestation (49.21%). About two third (n = 373, 65.8%) 
of the patients had a prior screening test before the NIFTY test. 
Interestingly, 70 of these 373 patients (18.8%) attended the NIFTY 
test even though the report of their prior screening tests were still 
not available, which implies that NIFTY may well be their first 
choice test. In 179 patients, the prior screening tests were positive 
and they reported they would like to use NIFTY in order to avoid 
the invasive test. On the other hand, 124 patients were still very 
worried, even though prior screening was negative. Many of them 
indicated that they would rather have an invasive test if NIFTY 
test were not available. 

There was no significant technical or logistic problem encoun- 
tered with the implementation of the test. However, since this 
was a new test, patients indeed had many questions, ranging 
from scientific basis, technical details, to logistics and reliability. 
Probably the most important misconception, given the very high 
accuracy of the NIFTY test, was the belief that they would not 
need a diagnostic test if the NIFTY test was positive. The pretest 
counseling on average took 10 min. 

The reporting time was within 14 days in 551 (97.18%) 
subjects, with a mean and median of 9.51 and 9 days, respectively. 
In 16 cases (2.82%), the reporting time was more than 14 calendar 
days, including 4 cases (0.7%) in whom a repeat blood sampling 
was required. 

The NIFTY test was positive for trisomy 21 in eight cases, and 
for trisomy 18 in one case. All except two cases had been screened 
to be positive by prior test (Table II), three cases by first-trimester 
combined screening, one by second- trimester dual test, and three 
by thickened nuchal translucency. In the remaining two, the 
NIFTY was performed as a primary screening test. Although all 
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Characteristics 



Number of cases (%), 
N= 567 



Maternal age 

20-24 4 (0.71%) 

25-29 38 (6.70%) 

30-34 144 (25.40%) 

35-39 252 (44.44%) 

40-44 127 (22.4%) 

>45 2 (0.35%) 

Gestation at NIFTY test 

12W-13W6D 279 (49.21%) 

14W-15W6D 122 (21.52%) 

16W-20W6D 142 (25.04%) 

21 week and above 24 (4.23%) 

Previous trisomy 21 pregnancies 6 (1.06%) 

Family history of trisomy 21 10(1. 76%) 

Ethnicity 

Chinese 524 (92.42%) 

Caucasian 29 (5.11%) 

Others 14 (2.47%) 

Prior Down syndrome screening test 

None 194 (34.22%) 

Combined first-trimester NT + biochemistry 288 (50.79%) 

First-trimester NT (± other Ultrasound (USG) 24 (4.23%) 
markers) only 

First-trimester biochemistry only 10 (1.76%) 

Second-trimester biochemistry only 41 (7.23%) 

Other tests, or more than one test 10 (1.76%) 

Result of prior screening tests (n = 373) 

High risk 179 (47.99%) 

Low risk 124 (33.24%) 

Result not available at time of NIFTY test 70 (18.77%) 

NIFTY, noninvasive fetal trisomy; NT, nuchal translucency. 

Table II. Characteristics of the nine NIFTY-positive cases. 

Age Prior screening NIFTY result Karyotyping Outcome 



Case 1 


40 


Dual test (1:19) 


High risk T21 


T21 


TOP 


Case 2 


35 


NT 3.9 mm 


High risk T21 


T21 


TOP 


Case 3 


36 


No 


High risk T21 


T21 


TOP 


Case 4 


28 


FTCS (1:40) 


High risk T21 


T21 


TOP 


Case 5 


38 


FTCS (1:5) 


High risk T21 


T21 


TOP 


Case 6 


33 


NT 4.1 mm 


High risk T21 


T21 


TOP 


Case 7 


37 


FTCS 1:4 


High risk T18 


T18 


TOP 


Case 8 


36 


No 


High risk T21 


T21 


TOP 


Case 9 


38 


NT 3.4 mm 


High risk T21 


T21 


TOP 



FTCS, nrst-trimester-combined screening; NIFTY, noninvasive fetal trisomy; 
NT, nuchal translucency; TOP, termination of pregnancy; T18, trisomy 18; T21, 
trisomy 21. 



patients were fully aware that the NIFTY test has a <1% false- 
positive rate, most of them challenged the need for karyotyping 
when they were informed of the positive result. After carefully 
counseling, all patients agreed for invasive test, and in all the 
chromosomal abnormality were confirmed. There was no false- 
positive case. Since most of the NIFTY-negative cases had not yet 
delivered, we were unable to assess the false-negative rate, which 
was anyway not the objective of this study. 

Of the 400 postal invitations, 182 completed responses were 
received (Table III). Over 95% of the responders indicated that they 
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Table III. Result of patient satisfaction survey. 



Survey question 



Number (%). 
N= 182 



Prior screening test 
No 

One screening test 

> 1 screening test 

Primary reason for requesting NIFTY test 

Told to be high or borderline risk, to avoid invasive test 
Told to be low risk, still worry 

> 1 screening tests with conflicting result 

As primary screening test because it is the best 
Just told by her doctor to have the test 
How much the NIFTY result helped to reduce her anxiety 
Completely relaxed 

Almost completely relaxed. Minimal anxiety which is 



difficult to quantify. 

Helped a lot, but still worry about Down syndrome about 
once a week 

Still constantly worrying about Down syndrome almost 
everyday 

Did not help at all 

Will she recommend NIFTY test to her friends 

Yes, as a primary screening test 

Yes, as a secondary screening test 

No 

Strength of recommendation 

Very strong 

Strong 

Weak 

Very weak 
Reporting time 

Far too long to be acceptable 

Too long, but still acceptable 

Pretty acceptable. But shorter would be better 

I am OK with the reporting time 
Overall satisfaction 

Very satisfied 

Satisfied 

Neither 

Dissatisfied 

Very dissatisfied 



48 (26.3%) 
125 (68.7%) 
9 (5.0%) 

70 (38.46%) 
51 (28.02%) 

5 (2.75%) 
40 (21.98%) 
16 (8.79%) 

95 (52.20%) 
80 (43.96%) 

4 (2.20%) 

3 (1.65%) 
0 (0%) 

117 (64.29%) 
65 (35.71%) 
0 (0%) 

53 (29.12%) 
122 (67.03%) 
7 (3.85%) 

0 (0%) 

4 (2.20%) 
14 (7.69%) 

107 (58.79%) 
57 (31.32%) 

74 (40.66%) 
107 (58.79%) 

1 (0.55%) 
0 (0%) 

0 (0%) 



NIFTY, noninvasive fetal trisomy. 

had complete or almost complete resolution of anxiety over fetal 
Down syndrome. But there were still three patients who were still 
having persistent worries although the NIFTY test was negative. 
Except for one, all patients were satisfied with the NIFTY test, 
and in particular, 40.7% were very satisfied. All patients indicated 
that they would recommend the test to their friends and as much 
as 64.3% of the patients reported they would recommend NIFTY 
as a primary screening test. As for the reporting time, over 90% 
considered it to be acceptable, although close to 60% indicated 
that a shorter reporting time would be better. 



Discussion 

Noninvasive prenatal diagnosis of fetal aneuploidy is a long- waited 
test, and the majority of pregnant women reported hypothetical 
interest in this test [10]. Even so, as with any new clinical test, 



the initial introduction in clinical setting might cause significant 
confusion with unexpected problems. Patient acceptance might 
not be as good as what we predicted. Therefore, it is important 
to review the initial experience so that appropriate adjustments 
can be made early. The objective of this report was to report the 
early experience in the introduction of this new technology in real 
clinical setting. 

The study subjects were a mixture of three different popula- 
tions. First are those screened as high risk by other screening tests, 
such as the second-trimester biochemical test or the first- trimester 
combined screening test. The major limitation of these tests is 
the relatively high false-positive rate, about 5%. This category 
of patients have a strong desire to avoid invasive test. Even with 
first-trimester combined screening with a detection rate of 90%, 
only one in 20-30 screened-positive women will carry an affected 
fetus. Therefore, NIFTY test would help identify these false-posi- 
tives and avoid unnecessary fetal losses. However, depending on 
the "markers" making them high risk, their fetus may be at risk of 
chromosomal abnormalities other than trisomy 21 or aneuploidy. 
For example, those with a very large nuchal translucency might 
be at risk of microdeletion syndromes that cannot be identified 
by the NIFTY test (or in fact by conventional karyotyping as well 
[11]). Therefore, these patients must be counseled carefully and 
made to understand the limitations of the NIFTY test. 

The second group of subjects were those who have been 
screened negative by conventional screening tests, which were 
unable to alleviate their anxiety. Without the NIFTY, many of 
them in fact indicated that they would have chosen invasive test, 
which from risk assessment point of view may not be justified. 
The very low false-positive rate of NIFTY helped to alleviate their 
anxiety, without increasing the chance of requiring invasive test. 
This study confirmed the very high specificity of the NIFTY test. 
In none of these cases was there a false-positive NIFTY result. We 
are not suggesting that women who were screened negative by 
conventional screening test should have undergone a secondary 
screening, but the availability of NIFTY test certainly helped to 
avoid many of the unnecessary invasive tests in this group of 
ultra-anxious patients. 

The last group of subjects were those who did not have any 
prior screening test (including those who attended the free 
government screening program without waiting for the result). 
For them, the detection rate and false-positive rates of the NIFTY 
were significantly better than any other existing screening test. A 
recent statement issued by the International Society for Prenatal 
Diagnosis suggested that "before routine MPS-based population 
screening for fetal Down syndrome is introduced additional 
trials are needed" [12]. We agreed that the use of this test as a 
population-based screening program required further evaluation, 
particularly in terms of its cost-effectiveness. On the other hand, 
it is beyond doubt that the NIFTY test is significantly better than 
any other screening tests in use currently, and we should not 
withhold the access to this test to those women who prefer to 
use it as the primary screening method. Nonetheless, we must be 
careful that the positive predictive value, which is dependent on 
the prevalence of disease, will not be as good as in the high-risk 
population. 

From the above analysis, it is obvious that the NIFTY test is 
not intended to be a way to get rid of trisomy 21 individuals, but 
rather a way to minimize the need for invasive test and therefore 
to avoid unnecessary fetal losses. 

Overall, the initial implementation of the test was successful. 
The patient's satisfaction was overwhelmingly positive, and the 
majority would recommend the test to their friends. We were able 
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Table IV. The chance of an affected fetus given a positive noninvasive 
fetal trisomy test result, the positive predictive value, is affected by the 
prevalence of the condition in the test population and the false-positive 
rate. Whether the detection rate is 99% or 100%, it does not have a 
significant effect. 



PPV 


FPR 


Prevalence of 0.2% 


Prevalence of 0.5% 


1.00% 


16.7% 


33.4% 


0.50% 


28.6% 


50.1% 


0.25% 


44.5% 


66.8% 


0.10% 


66.7% 


83.4% 



FPR, false-positive rate; PPV, positive predictive value. 

to achieve a test performance better than we claimed, in terms 
of reporting time, the need for repeat blood sampling, and the 
false-positive rate. 

All of the nine NIFTY-positive cases were confirmed by 
conventional karyotyping. It is very important for everyone 
involved in prenatal screening to understand that even if the 
detection rate and false-positive rate of NIFTY test were 100 and 
0.1%, respectively, the positive predictive value would still be only 
66.7% in a population with a disease prevalence of 0.5%, (i.e. 
one of every three positive cases will still have a normal fetus) 
(Table IV). Therefore, all clinicians and pregnant women must 
realize that all NIFTY-positive cases have to be confirmed by fetal 
karyotyping first before any consideration or attempt of preg- 
nancy termination. Although we believe that the false-positive 
rate of the NIFTY test for trisomy 21 actually is much lower than 
0.1% making the positive predictive value even higher, the prin- 
ciple of confirmation by karyotyping must be continued until we 
have large enough data set to confirm a 0% false-positive rate. 

The major limitation of this study was the small sample size 
and lack of follow-up of the screened negative cases, making it 
not possible to assess the false-negative rate. However, this was 
not the objective of this study. This issue needs to be addressed 
by a very large clinical study. Nonetheless, most recent studies 
suggested that the false-positive rate would be below 1%. In addi- 
tion, these patients were highly motivated to undergo this new 
test, and therefore their satisfaction may not represent that of the 
general obstetric population. 

In conclusion, the early experience of the noninvasive 
prenatal diagnosis suggested that this is a test associated with an 
extremely low false-positive rate, enabling the avoidance of inva- 
sive test in virtually all normal pregnancies. Nonetheless, before 
this test is widely adopted, both the clinicians and pregnant 



women should be fully aware that a positive test result cannot be 
considered diagnostic and must be confirmed by karyotyping. 

Declaration of Interest: The authors report no conflicts of 
interest. 



References 

1. Nicolaides KH. Screening for fetal aneuploidies at 11 to 13 weeks. 
Prenat Diagn 2011; 31:7-15. 

2. Leung TY, Chan LW, Law LW, Sahota DS, Fung TY, Leung TN, Lau 
TK. First trimester combined screening for Trisomy 21 in Hong 
Kong: outcome of the first 10,000 cases. J Matern Fetal Neonatal Med 
2009;22:300-304. 

3. Susanne GO, Sissel S, Ulla W, Charlotta G, Sonja OL. Pregnant 
women's responses to information about an increased risk of carrying 
a baby with Down syndrome. Birth 2006;33:64-73. 

4. Lo YM, Corbetta N, Chamberlain PF, Rai V, Sargent IL, Redman CW, 
Wainscoat JS. Presence of fetal DNA in maternal plasma and serum. 
Lancet 1997;350:485-487. 

5. Ehrich M, Deciu C, Zwiefelhofer T, Tynan JA, Cagasan L, Tim R, Lu V, 
et al. Noninvasive detection of fetal trisomy 21 by sequencing of DNA 
in maternal blood: a study in a clinical setting. Am J Obstet Gynecol 
2011;204:205.el-205.11. 

6. Sehnert AJ, Rhees B, Comstock D, de Feo E, Heilek G, Burke J, Rava RP. 
Optimal detection of fetal chromosomal abnormalities by massively 
parallel DNA sequencing of cell-free fetal DNA from maternal blood. 
Clin Chem 2011;57:1042-1049. 

7. Lau TK, Chen F, Pan X, Pooh RK, Jiang F, Li Y, Jiang H, et al. 
Noninvasive prenatal diagnosis of common fetal chromosomal 
aneuploidies by maternal plasma DNA sequencing. J Matern Fetal 
Neonatal Med 2012. [Epub ahead of print] 

8. Chen EZ, Chiu RW, Sun H, Akolekar R, Chan KC, Leung TY, Jiang P, 
et al. Noninvasive prenatal diagnosis of fetal trisomy 18 and trisomy 13 
by maternal plasma DNA sequencing. PLoS ONE 2011;6:e21791. 

9. Palomaki GE, Deciu C, Kloza EM, Lambert-Messerlian GM, Haddow 
JE, Neveux LM, Ehrich M, et al. DNA sequencing of maternal plasma 
reliably identifies trisomy 18 and trisomy 13 as well as Down syndrome: 
an international collaborative study. Genet Med 2012;14:296-305. 

10. Tischler R, Hudgins L, Blumenfeld YJ, Greely HT, Ormond KE. 
Noninvasive prenatal diagnosis: pregnant women's interest and 
expected uptake. Prenat Diagn 2011;31:1292-1299. 

11. Leung TY, Vogel I, Lau TK, Chong W, Hyett JA, Petersen OB, Choy 
KW. Identification of submicroscopic chromosomal aberrations in 
fetuses with increased nuchal translucency and apparently normal 
karyotype. Ultrasound Obstet Gynecol 2011;38:314-319. 

12. Benn P, Borrell A, Cuckle H, Dugoff L, Gross S, Johnson JA, Maymon 
R, Odibo A, Schielen P, Spencer K, Wright D, Yaron Y. Prenatal 
Detection of Down Syndrome using Massively Parallel Sequencing 
(MPS): a rapid response statement from a committee on behalf of the 
Board of the International Society for Prenatal Diagnosis, 24 October 
2011. Prenat Diagn 2012; 24:1-2. 



© 2012 Informa UK, Ltd. 



